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(54) [Title of the Invention] COATING DEVICE AND DISPENSER FOR SPIN 

COATING 

(57) [Abstract] 

[Object] To enable uniform coating in a short time with high accuracy in film thickness. 
5 [Solving Means] A coating device 1 for spin coating includes, over a disk substrate 3 
such as a CD-R, a dispenser with a structure in which a line-jet head 4 supported by a 
supporting means not shown is arranged in the direction of the radius of the disk 
substrate 3 from the center to the outer circumference. In the head 4, the number 
distribution of nozzle holes in the inner circumference of the disk substrate 3 is 
1 0 increased (or the radius thereof is increased) and the number distribution of nozzle holes 
in the outer circumference of the disk substrate 3 is reduced (or the radius thereof is 
reduced), so that the amount of liquid discharged to the inner circumference is made 
larger than that discharged to the outer circumference. 
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[Scope of Claims] 
[Claim i] 

A coating device for spin-coating a rotating member, 

characterized by comprising a dispenser including a line-jet head which is 
5 arranged in a direction of a radius of the member and is provided with a plurality of 
liquid-outlet holes arranged in a line at least in the direction of the radius. 
[Claim 2] 

The coating device according to Claim 1, wherein an optical disk substrate 
used as the member is spin-coated with a dye. 
10 [Claim 3] 

The coating device according to Claim 1, wherein a semiconductor substrate 
used as the member is spin-coated with a resist. 
[Claim 4] 

The coating device according to any one of Claims 1 to 3, characterized in that 
15 the amount of liquid discharged from the line-jet head is made larger in an inner 
circumference of the member than in an outer circumference. 
[Claim 5] 

A dispenser for spin coating characterized by comprising a line-jet head which 
is arranged on a rotating member in a direction of a radius of the member and is 
20 provided with a plurality of liquid-outlet holes arranged in a line at least in the direction 
of the radius. 
[Claim 6] 

The dispenser for spin coating according to Claim 5, characterized in that a 
distribution ratio between the number of the liquid-outlet holes in an inner 
25 circumference of the member and the number of the liquid-outlet holes in an outer 
circumference of the member is set to 2 : 1 so that the amount of liquid discharged from 
the line-jet head is larger in the inner circumference than in the outer circumference. 
[Detailed Description of the Invention] 
[0001] 

30 [Technical Field to which the Invention Pertains] 

The present invention relates to a coating device and a dispenser for spin 
coating, by which a member such as an optical disk is uniformly coated with a dye or 
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the like and a thin film is formed. 

[0002] 

[Prior Art] 

For example, in the case where a dye is applied as a material for recording 
5 information in a manufacturing process of an optical disk or the like, a spin coating 
method is generally used by which a rotating member is uniformly coated with the dye 
by centrifugal force. 
[0003] 

FIG. 8 and FIG. 9 show examples of the structure of a conventional coating 
10 device for spin coating. As a dispenser generally used for spraying and applying a dye 
in the case of spin coating, there are a single-hole dispenser as shown in FIG. 8, a 
multi-hole dispenser for shower jet as shown in FIG 9, and the like. In such coating 
devices 101a and 101b for spin coating, while a disk substrate 103 is rotated by a 
spindle motor 102, heads 104a and 104b (hereinafter, collectively referred to as a head 
15 104) are supplied with a liquid dye by applying a pressure from a tank not shown, and 
then, the liquid is sprayed and applied onto the disk substrate 103 from the head 104. 
At this time, an arm 105 to which the head 104 is attached is driven so that the head 104 
moves in the direction of the radius of the disk substrate 103 from the inner 
circumference to the outer circumference, whereby the entire surface of the disk 
20 substrate 103 is coated. 
[0004] 

[Problems to be Solved by the Invention] 

In the structure of the conventional coating device described above, particularly 

in the case of using the single-hole dispenser, it is necessary to perform coating while 
25 rolling the head 104 over a wide range, which causes a problem of an increase in the 

time for the entire surface of the disk substrate 103 to be uniformly coated with a dye. 

Furthermore, the multi-hole dispenser for shower jet has a problem in that the amount of 

dye applied cannot be easily made equal, leading to a decrease in the accuracy of the 

thickness of a film that has been coated. 
30 [0005] 

The present invention has been made in consideration of the above 
circumstances, and an object of the present invention is to provide a coating device and 
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a dispenser for spin coating which allow uniform coating to be performed in a short 

time with high accuracy in film thickness. 

[0006] 

[Means to Solve the Problems] 
5 In order to achieve the aforementioned object, a coating device of Claim 1 of 

the present invention is a coating device for spin-coating a rotating member, and 
includes a dispenser having a line-jet head which is arranged in the direction of the 
radius of the member and is provided with a plurality of liquid-outlet holes arranged in a 
line at least in the direction of the radius. 
10 [0007] 

Further, in a coating device of Claim 2, an optical disk (such as a CD-R) 
substrate used as the member is spin-coated with a dye, and in a coating device of Claim 
3, a semiconductor substrate used as the member is spin-coated with a resist. 
[0008] 

15 Further, in a coating device of Claim 4, the amount of liquid discharged from 

the line-jet head is made larger in the inner circumference of the member than in the 
outer circumference. 
[0009] 

A dispenser for spin coating of Claim 5 of the present invention includes a 
20 line-jet head which is arranged on a rotating member in the direction of the radius of the 
member and is provided with a plurality of liquid-outlet holes arranged in a line at least 
in the direction of the radius. 
[0010] 

Further, in a dispenser for spin coating of Claim 6, the distribution ratio 
25 between the number of the liquid-outlet holes in the inner circumference of the member 
and that in the outer circumference of the member is set to 2 : 1 so that the amount of 
liquid discharged from the line-jet head is larger in the inner circumference than in the 
outer circumference. 
[0011] 

30 In the coating device and the dispenser for spin coating of the present invention, 

by using a line-jet head having a plurality of liquid-outlet holes arranged in a line in the 
direction of the radius of a member, for example when a CD-R is spin-coated with a dye 
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or a semiconductor substrate is spin-coated with a resist, the time required for the 
application of liquid is reduced and uniform coating can be performed with high 
accuracy in film thickness. Thus, a coated film with high quality can be obtained in a 
short time at low manufacturing cost. 
5 [0012] 

In addition, when the amount of liquid discharged from the line-jet head is 
made larger in the inner circumference of the member than in the outer circumference, 
preferably when the distribution ratio between the number of the liquid-outlet holes in 
the inner circumference and that in the outer circumference is set to 2 : 1, the uniformity 
10 of the coated film can be further improved in spin coating in which the applied liquid is 
dispersed from the inner circumference to the outer circumference by centrifugal force. 
[0013] 

[Embodiment Mode of the Invention] 

Hereinafter, the embodiment mode of the present invention will be described 

15 with reference to drawings. This embodiment mode shows, as an example, a structure 
of a coating device for spin coating, by which a disk-shaped information-recording 
medium such as an optical disk is coated with a dye or the like. FIG. 1 is a perspective 
view showing a schematic structure of the coating device, FIG. 2 is a perspective view 
showing a structure of a head of a dispenser, and FIG. 3 and FIG. 4 are cross-sectional 

20 views showing the structure of the head. 
[0014] 

A coating device 1 includes, over a disk substrate (an optical disk such as a 
CD-R) 3 which is a member driven to be rotated by a spindle motor 2, a dispenser with 
a structure in which a line-jet head 4 supported by a supporting means not shown is 

25 arranged in the direction of the radius of the disk substrate 3 from the center to the outer 
circumference. This head 4 is supplied with a liquid for coating such as a dye from a 
tank 5 via a liquid-inlet tube 6, so that the liquid can be sprayed from a plurality of 
nozzle holes under the head 4 which are described below, and applied onto the disk 
substrate 3. 

30 [0015] 

The outer frame of the head 4 included in the dispenser is formed with, as 
shown in FIG. 2 and FIG. 3, a pair of long frames 11 facing and overlapping each other. 
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The frames 11 include, in an integrated manner, sidewalls 11A with a large thickness; 
connection support parts 11B with a small width under the sidewalls 11 A; lever plates 
12 supported by the connection support parts 1 IB, the position of which can be changed 
relative to the sidewalls 11 A; and top walls 11C over the sidewalls 11 A, which are 
5 connected to each other to form the top surface of the head 4. The bottom surface of 
the head 4 is provided with a nozzle plate 14 including a plurality of nozzle holes 13, 
which is formed by bending a rectangular thin plate elastically deformable, and both 
sides of the nozzle plate 14 are fixed to the lever plates 12 of the frames 1 1 by adhesive 
or the like. A liquid for coating is stored in a chamber 15 formed inside this pair of 
1 0 frames 1 1 . 
[0016] 

The top walls 11C of the frames 11 project outwards, a plurality of 
piezoelectric elements 16 serving as actuators are arranged between this projecting part 
and the outer edges of the lever plates 12, and both ends of each piezoelectric element 

15 16 are fixed to the top wall 1 1C and the lever plate 12 by adhesive or the like. As the 
piezoelectric elements 16, piezo elements or the like are preferably used. The 
piezoelectric elements 16 are configured such that the position thereof is largely 
changed in the axis direction, and are connected to a power supply (not shown) for 
applying voltage at the timing controlled by a controller (not shown), so as to stretch in 

20 the axis direction by application of voltage. When the outer edges of the lever plates 
12 are moved by the piezoelectric elements 16, the inner edges of the lever plates 12 
move in the direction opposite to this motion. 
[0017] 

Thin sealing plates 17 are provided on both ends of the pair of frames 1 1 in the 
25 longitudinal direction and fixed to the frames 11 by adhesive or the like. In addition, 
although not shown, an elastic adhesive such as a silicone rubber-based adhesive is 
filled in the sealing plates 1 7 so as to fill the spaces between the both ends of the nozzle 
plate 14 and the sealing plates 17 and between the both ends of the frames 11 and the 
sealing plates 17, and keep the water-tightness to prevent leakage of the liquid from 
30 these spaces. Thus, the space in the chamber 15 in the head 4 is sealed with the elastic 
adhesive without disturbing the motion of the both ends of the nozzle plate 14. Note 
that the both ends of the frames 1 1 may be sealed only with the elastic adhesive without 



7/12 



English Translation of JP2000-1 35467 



the sealing plates 17 being provided. 
[0018] 

When a current is supplied to the piezoelectric elements 16, as shown in FIG. 4, 
the piezoelectric elements 16 stretch to push the outer edges of the lever plates 12 
5 downward in the drawing, whereby the lever plates 12 turn with the connection support 
parts 1 IB serving as fulcrums. As a result, the nozzle plate 14 is deformed so that the 
center of the nozzle plate 14 moves upward (inside the head 4) as indicated by arrow A, 
then, the pressure of the liquid in the chamber 1 5 increases and the liquid is sprayed 
from the nozzle holes 13. Furthermore, when a current is repeatedly supplied to the 
10 piezoelectric elements 16 so that the piezoelectric elements 16 stretch, the liquid can be 
sprayed continuously from the nozzle holes 13. 
[0019] 

As shown in FIG. 5, the nozzle holes 13 in the nozzle plate 14 are arranged in a 
straight line along the longitudinal direction of the head 4 and are disposed in two lines 

1 5 in the width direction in a staggered arrangement. Thus, in the case where coating is 
performed using such a head 4, liquid droplets are sprayed linearly from the nozzle 
holes 13 arranged in two lines. In spin coating, the head 4 is disposed so as to extend 
in all the direction of the radius of the disk substrate 3 from the center to the outermost 
circumference, and the liquid is sprayed while rotating the disk substrate 3, whereby 

20 droplets 1 8 are attached and applied onto the surface of the disk substrate 3, as shown in 
FIG. 6, in such an arrangement that an equilateral triangle is formed by lines connecting 
the center of each droplet in the vicinity of a region with substantially the same radius. 
[0020] 

In this embodiment mode, the amount of liquid discharged to the inner 
25 circumference of the disk substrate 3 is made different from that discharged to the outer 
circumference of the disk substrate 3 and the amount of liquid discharged to the inner 
circumference is set to be larger than that discharged to the outer circumference. 
Accordingly, for example as shown in FIG. 7, the number distribution of nozzle holes 
13A in an inner circumference 20 A of the nozzle plate 14 is increased (or the radius 
30 thereof is increased) and the number distribution of nozzle holes 13B in an outer 
circumference 20B is reduced (or the radius thereof is reduced). Preferably, the 
distribution ratio between the number of the nozzle holes 13A and the number of the 
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nozzle holes 13B (the ratio of the inner circumference to the outer circumference) is set 

to 2: I. 

[0021] 

By using the line-jet head 4 having the aforementioned structure, the liquid can 
5 be discharged with high accuracy and in a short response time, and in spin coating, the 
liquid can be uniformly applied onto the disk substrate 3 in a short time by only 
spraying the liquid from the nozzle holes 13 of the head 4 while rotating the disk 
substrate 3; thus, a uniform thin film with high quality can be formed. Furthermore, in 
spin coating, the applied liquid is dispersed from the inner circumference to the outer 
10 circumference of the disk substrate 3 by centrifugal force; accordingly, the uniformity of 
the coated film can be further improved by increasing the amount of liquid discharged 
to the inner circumference. 
[0022] 

[Embodiment] 

15 In the embodiment described below, the coating device of the present invention 

will be compared with the conventional structure. 

(A) A coating device provided with the dispenser including the line-jet head 4 shown in 
FIG. 1 (provided that the radius and number of nozzle holes are uniform in the direction 
of the radius). 

20 (B) A coating device identical to that of (A), which is provided with the dispenser 
including the single-hole head 104a shown in FIG. 8. 

(C) A coating device identical to that of (A), which is provided with the dispenser 

including the multi-hole head 104b for shower jet shown in FIG. 9. 

[0023] 

25 With use of the above coating devices (A) to (C), a CD-R (with an outer 

diameter of 120 mm) was coated with a dye by a spin coating method. Note that at 
this time, the dye used was a cyanine dye represented by the following structural 
formula [Chemical Formula 1], which was dissolved in 2,2,3,3-tetrafluoropropanol 
solvent at a concentration of 2.5 % by weight, and in spin coating, a liquid in the 

30 dispenser started to be discharged when the disk had a rotation number of 500 rpm, and 
after three seconds, the rotation number was increased at a rate of 750 rpm per second to 
2000 rpm; then (after another two seconds), the rotation number was kept constant at 



9/12 



English Translation of JP2000- 135467 



2000 rpm. 
[0024] 

[Chemical Formula 1] 
[0025] 

5 In spin coating under the above conditions, the time required for uniform 

coating was (A) two seconds, (B) five seconds, and (C) three seconds; the application 
was completed in the shortest time in the case of (A). 
[0026] 

Furthermore, four points (positions of 0°, 90°, 180°, and 270° at a radius of 25 
1 0 mm) in each surface of ten completed disks that had been coated with the dye (40 points 
in total) were measured by a densitometer manufactured by Macbeth., co., ltd. 
(transmission mode, V filter), and the variation rate (standard deviation x 3/mean value) 
was calculated. The variation rate was (A) 0.006, (B) 0.006, and (C) 0.018; good 
uniformity was obtained in the case of (A) and (B). That is, coating was able to be 
1 5 performed uniformly and in the shortest time in the case of (A). 
[0027] 

In addition, as an example in which the amount of liquid discharged has a 
distribution, the head 4 of (A) is structured to have different radius and number 
distribution of nozzle holes. (D) A coating device provided with a dispenser including 

20 the line-jet head 4 shown in FIG. 1, in which the number distribution of nozzle holes is 
gradually reduced from the inner circumference to the outer circumference (inner 
circumference/outer circumference = 2/1 (ratio of the inner circumference to the outer 
circumference is 2 : 1)). With use of the above coating device (D), a dye was applied 
by a spin coating method in a manner similar to that used for the coating devices (A) to 

25 (C). 
[0028] 

In order to measure the density distribution in the surface of the completed 
disks, the density of four points of the above angles was measured at three positions of a 
radius of 25 mm, a radius of 40 mm, and a radius of 55 mm in a manner similar to that 
30 in the above case, and the variation rate ((difference between the maximum density and 
the minimum density)/mean value) was calculated. The variation rate was (A) 0.09, 
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(B) 0.01, (C) 0.03, and (D) 0.01; the uniformity of the surface was able to be improved 

in the case of (D) as compared to the case of (A). 

[0029] 

In addition, as a modified example of the above embodiment mode, the 
5 structure of the present invention can also be applied, not only to a coating device for 
spin coating in which a dye is applied on an information-recording medium such as a 
CD-R, but also to a coating device for spin coating in which a resist or the like is 
applied in a manufacturing process of a semiconductor element such as an LSI. In that 
case, a coating device is structured to include a semiconductor substrate (a silicon 
10 wafer) instead of the disk substrate 3 in FIG. 1, whereby a function effect similar to the 
above effect can be obtained. 
[0030] 

As described above, the coating device using the line-jet dispenser allows the 
coating time to be reduced and therefore allows the amount of wasted liquid to be 

15 reduced, resulting in an increase in the use efficiency of the applied liquid and a 
decrease in the time and cost necessary for spin coating. In addition, in the direction of 
the radius of a member on which spin coating is performed, the amount of liquid 
discharged to the inner circumference side is made larger than that discharged to the 
outer circumference side, so as to reduce a difference in the thickness of a coated film 

20 between in the inner circumference and in the outer circumference and further reduce 
the coating time and improve the uniformity. Furthermore, unlike the conventional 
one-hole dispenser, the dispenser head does not need to be moved during application of 
the liquid; therefore, a mechanism for driving a head, such as an arm, is not necessary, 
which results in simplification of the structure of a device and cost reduction. 

25 [0031] 

[Effect of the Invention] 

As mentioned above, according to the present invention, by using the line-jet 
head having a plurality of liquid-outlet holes arranged in a line in the direction of the 
radius of a member, the time required for the application of liquid in spin coating is 

30 reduced and the uniformity of a coated film is improved, which allows uniform coating 
to be performed in a short time with high accuracy in film thickness. In addition, the 
amount of liquid discharged from the line-jet head is made larger in the inner 
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circumference of the member than in the outer circumference, whereby the uniformity 
of the coated film can be further improved. 
[Brief Description of the Drawings] 

[FIG. 1] Perspective view showing a schematic structure of the coating device of the 
5 embodiment mode of the present invention. 

[FIG. 2] Perspective view showing a structure of the head of the dispenser of this 
embodiment mode. 

[FIG. 3] Cross-sectional view showing a structure of the head in FIG. 2. 
[FIG 4] Cross-sectional view showing a structure of the head in FIG 2. 
10 [FIG. 5] Plan view showing an arrangement structure of the nozzle holes provided in the 
head. 

[FIG. 6] Explanatory diagram of the arrangement of liquid droplets sprayed from the 
head to the disk substrate. 

[FIG. 7] Explanatory diagram of the distribution of the nozzle holes in the nozzle plate. 
15 [FIG. 8] Perspective view schematically showing an example of the structure of the 
conventional coating device. 

[FIG. 9] Perspective view schematically showing an example of the structure of the 
conventional coating device. 
[Description of the Numerals] 
20 1. coating device, 2. spindle motor, 3. disk substrate. 4. head, 5. tank, 6. 
liquid-inlet tube, 11. frame, 11 A. sidewall, 1 IB. connection support part, 11C. 
top wall, 12. lever plate, 13. nozzle hole, 14. nozzle plate, 15. chamber, 16. 
piezoelectric element, 1 7. sealing plate, 1 8. droplet. 
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